ABSTRACT: Sago industry is one of the major small-scale sectors in India and over 800 units are located in the southern State of Tamilnadu. Processing of sago generates enormous quantities of high strength wastewater requiring systematic treatment prior to disposal. The present study is an attempt to treat the sago wastewater using Hybrid Upflow Anaerobic Sludge Blanket (HUASB) reactor, which offers the advantages of both fixed film and up flow anaerobic sludge blanket treatment. HUASB reactor with a volume of 5.6 L was operated at Organic Loading Rates varying from 10.7 to 24.7 kg COD/m 3 .day. After 130 days of startup, the reactor produced appreciable decrease in COD of wastewater and removed solids efficiently. The COD removal varied from 91-87%. While the removal of Total Solids was in the range of 61-57%, that of volatile solids varied from 70-67%. The ideal OLR for the reactor was 23.5 kg COD/m 3 .day. The findings of the study open up newer possibilities of design low cost and compact onsite treatment systems with very short retention periods.
INTRODUCTION
Sago, the common edible starch in the form of globules is processed from the tubers of tapioca (Mannihot utillisema) . Processing of tapioca requires 20,000 to 30,000 L of water per ton of Sago; besides it produces equal quantity of wastewater, which is highly organic, foul smelling and acidic (Murthy and Patel, 1961; Sastry and Mohan, 1963) . Various anaerobic technologies including conventional anaerobic treatment (Sastry et al., 1964; Tongkasane, 1970; Saroja and Sastry, 1972; Pescod and Thanh, 1977) , high rate anaerobic treatment such as Anaerobic Filter (AF-Khageshan and Govindan, 1998) and Fluidized Bed (FB -Saravanane et al., 2001) have been attempted to treat Sago wastewater. The conventional treatment options are known to have low treatment efficiency owing to high concentrations of solids present in the wastewater. Published works indicate that most of the negative aspects of high rate anaerobic digestion can be overcome by restricting the supporting material to the top 25 to 30% of the reactor volume (Guiot and Van den berg, 1984; 1985) . This would further help realize the advantages of both fixed film and up flow sludge blanket treatment. This kind of reactor often called Hybrid Up flow Anaerobic Sludge Blanket (HUASB) reactor and is considered more stable for the treatment of a series of soluble or partially soluble wastewaters (Tilche and Vieira, 1991) . Over the years, HUASBs have been used to treat wastewaters from sugar industry (Coates and Colleran, 1990), pharmaceutical units (Hentry et al., 1996) , distilleries (Shivayogimath and Ramanujam, 1999) and domestic sectors (Elmitwalli et al., 2002 a,b) . In the present study, an attempt has been made to use the HUASB reactor to treat Sago wastewater.
MATERIALS AND METHODS
The Schematic of HUASB reactor is illustrated in Fig. 1 . The laboratory scale reactor was fabricated using PVC tube with an internal diameter of 110 cm and an overall height of 87cm. Total volume of the empty reactor was 6.7 L. A gas headspace equivalent to 1.5 L was maintained above the effluent line. A screen was placed at a height of 59 cm to arrest the floating packing material. A peristaltic pump (Make: Miclins PP20) was used for feeding the wastewater into the reactor. The effluent pipeline intern was connected to a water seal to prevent the escape of gas. The gas outlet was connected to a wet gas meter (Make: Ritter. Model No: TG1)
Carrier material
Polyurethane foam (PUF) cubes 150 cubes each (measuring 2 cm x 2 cm x 2 cm) was used as carrier material. Polyurethane is known to offer excellent colonization matrix in high rate reactors (Hysman et al., 1985) and entrap suspended solids in wastewater (Elmitwalli et al., 2002a) leading to an increase in the overall treatment efficiency. 
Seed and inoculation
Digested slurry from an active biogas plant located at Murugappa Chettiar Research Institute, Chennai was used as seed. To accelerate the start up, 40 % (v/v) slurry was mixed with the feed as recommended by Shapiro and Switzenbanum (1984) and Hickley et al., (1991) .
Sago effluent
Synthetic wastewater was prepared by following Khageshan and Govindan (1995) and the physico chemical characteristics of the synthetic Sago wastewater was listed in Table 1 .
Start up phase
During the start up, the reactor operation was initiated using wastewater with a COD of 2000 mg/L. The initial retention time was 56h. The HRT was gradually decreased to 56 h., which is equal to the volume of the reactor. This was achieved by increasing the flow rate from 100 mL/h to 1000 mL/h over a period of 130 days.
Treatment phase
After the start up, the reactor was operated by varying the influent Chemical Oxygen Demand (COD) at a constant HRT 5.6 h. The efficiency of the treatment was evaluated in terms of removal of Total Solids (TS), Volatile Solids (VS) and COD and generation of biogas.
Chemical analysis
COD, Volatile Fatty Acids as acetate (VFA), Total Alkalinity, TS, VS and Total Kjeldhal Nitrogen (TKN) All values except pH are in mg/L * Average of triplicate
